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Abstract of corresponding document: WO0058536 

A fine and highly crystalline carbon fiber which 
has a fiber diameter of 1 mu or less, has a 
distance between layer faces d002 of 0.335 to 
0.34 nm as measured by the X-ray diffraction 
method, satisfies the formula d002 < 0.3448 - 
0.0028 (log phi ) wherein phi is a diameter of a 
carbon fiber, and has an Lc of 40 nm or less; and 
a fine carbon fiber which contains boron in the 
crystal thereof. This fine carbon fiber can be 
produced by a method comprising providing a 
fine carbon fiber produced by the vapor phase 
method, the arc discharge method, the laser 
method or the like as a raw material, adding 
boron or a boron compound to the raw material, 
compressing the resulting mixture so as for the 
mixture have a bulk density of 0.05 g/cm<3> or 
more, subjecting the resultant product to a heat 
treatment at a temperature of 2000 DEG C or 
higher. 
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[72] aw a filP^f 






#*!I55M52 K mw^20 K »fflK«:2 K 



[57] mm 

*«IJ6tt-#«f*afi« 1m« WT.M x Jtfglftr 

ItSfcfcft WJg®fflJ£ da»* 0. 335 - 0. 34mn ft&B , W 
J.«IJ£d„ B <0.3448-0.0028(log(p)(S:^ <p #SB*f *t g 
J[€) ,Lc £40nm iyTfcn*#l*ttlB*##&,##« : r 

#**&0.Q5g/cm J tU±,W#£:fc 2000«C K*±Wfi£ 

en 



SlfiUH* 




& a & & % 

I. -#&#t«t*f 1 » m #T, tSjJL, i»X#4U>r 
#&£4f6^60yg-#ffi3E d«»>£. 0. 335 - 0. 342nm tt&H ft , ftJUft*. <U < 
0.3448-0. 0028 (log*), *t <**t» C #**/|Jt U * 
40nm «T. 

2. l «A«*MUltfft, Mt^MMA^nJEdM jSA 

dooa < 0. 3444-0. 0028 (log * ) . 

3. ft*fe*MMl 1 ftJ»M*Nfc 4MtfeJUML*UM R 0. 5 #-t, 
1580cm 1 20-40 cm"'. 

5. i - 3 ^^*fc$Mi*mLnt& &ftfr&m*tm 

6. ft***!*-*. 5 jUtfc&Rtt*-** 0. 1 ~ 3 >f £ 

%. 

7. 4MfrM»JJS-£ 5 t&&tt^m*f &%fc&&tf-&MM% o. oi ~ l 
urn, #U£X.-trt:;# 10 gLfc, 

8. 7 m&to®3m^ &®fcJlg1fi>Jm$&. 0. 8g/cm 3 
Ht, *>^*»JM-^, ^jL^T^SM^Pt&O.OlO -cm^T. 

10. -#^m^^#Jit^r*, ^fr£££f # jL# 1 n m *T**«»* 

m%yi^m*m&MX&#i t #»#w#dt*f#£ 2000c «Lh^sULTat4r* 

II. -HfNrtMUMM**afcfr*, WJLfr l m m *Ttf 
j&*f#t^^4M&£4fr> ^^«.^#^^^0.05g/cm 3 «Ji, — 

&4tft]j&fMu)f& -ii#Ji^^t^^ME.2000t:«Ji^^Tat#^ 
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12. 10 & 11 «*tiMUttfM&*ft. %*kfa&m&M 

vxmfctt, J®*kT$Ln%-% o. i - io . 
it^fbtom*kn%-&i&% o. oi - 1 ii m, ai^-t^ io #_fc*fo0Uf-#. 

16. 14 tt&#&m*f #*J^&-, jMtf^M**** 

17. — #^*Uf«J^ 1 ~ 3 t*^^tt*tfMWM**W 

18. — #MTMUME.6 t^ttMWEtf^ttfe^fefc- 

19. -#4NPW4**. 6 A 7 «H««»MUf- fe*L 

20. — 8 * 9 i&$#M#4&#f4M$%>**fl 

21. #^*UfJ^#. 17 $&fr&teWm%#i&k* 
0.1-20 

22. **S*Uf»J^ 18 «4U* fefeA jmmmaimwm*-** 

0.1-20 Jf:£%. 

23. ftfefe****. 19 %*A fefe. |#IOMMff ****** 

0.1~20Jg£%. 

24. #^*UfJ^ 20 feftti fe&fl %*L &%fe&.iamLn&#}&k* 
0.1-20Jf*% 



MjLlfc&^f*** Pb %&3M*|U&# Li 

**** 

^7-150419 -f4SflL 4Hf-f- 5 - 321039 ^^g.. #^88 60-215816 ^ 
#^B3 61-70014 ^StflL #^5-36521 ^^ #'>-f- 3-61768 
-f-^NMF- ) . J.^itlT^ 0. 01 - 5 » m. 0. 01 m m 

Li %^^^t^^^*l^^##,^^#^> tl^&#t# 
(MCMB) , t^^-f^t^ (MPCF) , AiiS.^ -fr#*Jt, * t**"^* 



i 



#^^^JtitA.>g;|^^^A#^#>iriSI4fc^# (Graphite Intercalation 
Compounds) . j*J ^t^S^it & ( deintercalation ) iUfc#JfcJ&XflL 

*Lf"3.385A, &,JMML*;Ufc&. 

2) ^&***«MiMfc& 

3) ^&#L$f-$.%£At$J£tLl&j], ^l»*MW^?l*Li*jfc* 



feU, ^*^T 1 M m *TJtett***#f##*, «0.8g/cm 3 # 

•£*&*^**-%4i#, ##3M^J&, -g4t)MLi& 0.01Q • cm, Sjfc, 

J. 3200T? ^SBt^^^^'^iib#T^. 

0. 15 M m #&#b££f # ( *l**<UfJ(t) , *p-&S&> 
mi 3000TC #_L, ^T^^b&^lBj^ d«tiiMMNfc'J*f- 0. 3385nm. 

0.01Q • cm. ®&, &&%&$x&m*&nttft. 

0.15 Mm tt*f#, jfeJUflLifr 0.3385nm; 0.05 Mm Bt, # 
0.3400nm, ^ 0.02 Mm Bfr, # 0.3415nm; ^ 0.01 Mm «T»i\ feflL0L£ 
0. 3420nm. 0. 15 M m d«B#,&r^&&fll>{Mr 0. 3385nm, 

*Ntfc 3ooox: «Lh**a*. ^-ffeft 4* 

Hib, #-mdoo2'J>f-0.3385nm, *ifc#aft*A**fr 



( 1 ) 1 u m #T, ^Xj^ X #W#^tb^^t&^|iI^ 
dooz ^ 0. 335 ~ 0. 342nm ( i&ft 0. 3354 - 0. 3420nm ) tflfcm , JUsH/t dU < 
0. 3348-0. 0028 (log * ) , d«* < 0. 3444-0. 0028 (log 4» ) * da* < 
0.3441-0. 0028 (log*), (i£#iCt. UWM. #^C*ir^^ 
£Lc 40nn aT4*Mt*tf*. 

( 2 ) :M 1 ) R 0. 5 
1580cm" 1 i$jfo&4rftilh4M3i$3j 20 ~ 40cm" 1 . 

(4) &mm>M&%mttJ (i)^(2) t^£#«fc££f#. 

(5) 0. 1 ~ 3 # (3) i& (4) tfc*W&#3t*f#. 

( 6) ^W^JL^ 0.01-1 Mm, £Mf ^i"^ 10 tf-t# (1) ~ (5) 

( 7 ) ^^J>J^>^ 0. 8g/cm 3 Bt^^^ri«J, # Jj$r&6fclM^ IB. 

£0.010 • cm>*T# ( C ) ^KiMto&Xknn-. 

(8) ^W^J^^**Jii^^W(l) ~ (7) tfe******' 

®&n^m^im*&&fo, #^^^^-2000t:«JL^SjLT^t# 
(lO)-^MWl^, ^*f^J:^lum^T^ 

m^tommt$m^%&& o. 05g/cm 3 j^jl, — ^#_t^^^^, 



-i4#jjWi«unMe. 20001c #ji#&&Tafc#&*b£. 

( id *» (9) * ( 10) t^tt*rtMUf#*j*fcfr*. m&mtfr&tf] 

#^>w^, *iJ*f-*#NWo.i~i<>Jsr*%. 

(12) ^ o) - (id tiz&¥>f*m#&f-%m&*&, fr*>m$Mib& 

#tt*MM*WU** 0. 01 - 1 M m, JM**+^10 8l±iWUf*. 

(13) * (9) - (12) ft&^jRM^^^ 9MMM^ 

(14) X13) t-»*,*0*"**W*J3t^r*» «*T**4Wb£*G* 

( 15) X 13) t**tt*#*#f4Miifc*-*. ^MB#*4fc£^b#-fci£ 

(16) ^-L^(l) ~ (8) tiMl^*MMUfW*3M**L 

#0.335~ 0.342nm, &&&& C *fc$riSj£-2fc.Lc & 400nm #T, 32nm 

- 0. 3448 ~ 0. 0028 (log * ) ( t * #**f*ML# ) jUfcttJtfilSE* (W 

<W#t^t#f-l(tT*^*^r« d 002 < 0.3448-0. 0028 (log*), H*f d** < 
0.3444-0. 0028 (log*), MJfr dU < 0. 3441-0. 0028 (log 4> ) (at^t*^ 

£4^«4Mb#W*t. *at*fr*ft«t. **atfc*Hi# 
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&#Lm&&jM;&®S£ do*- 0.3448-0. 0028 (log *H\ fe.i$t£.*3tt? 

£f-*(;e*> JMAffl* ttAMM. *4T**Jt4l-*. 

( 1580cm' 1 IG 1360 cm 1 #3Ufc&>& ID R- ID / 16) JM 

0.5>5Ul, ifcJL, 1580 cm" 1 ^*^^£^hJ'j20~40 cm" 1 . 

% o. 01 ~ 1 m m, * 7**t#**nm 

***** l » ■ *«fr. M^^JUWM*. «"«ut*»TxAA 

4s JWafcfrfllsM, If 1 m m «T*&, 3Uf&. 0. 5 M ■ J2*T- 

#*^I^WdHM*4Mi'/ E iR«. *T«JiIW****400ii* iWf ioom 

m. Sit, *^A^*fc£50#-tflt, 0. 01 M ■ »t, W* 

£&0.5Ma>5Lt, jL^O.lMmHt, 5 m ■ £Ji*Mtffc*fr 

#400 Mm, jUf* 100 Mm. 



# 0.2~3 £*4M*WINlMWW, 

150419 -fr<&*L #^5- 321039 #^"Bg 60 - 215816 # 

*f-«g 61 - 70014 #£»f- 5-36521 3-61768 -f-^Sfct 

*w*fcfNiat o. oi m m «-t, *4MJMr*fl44fctt*** 

#, A^ff4tf^aoi-lMB£irA^«»MUUP4u ##A#W& 

# azglon (T X ^ a — y ) A* Jf iUfcfl 8t £A#&>* A^#» 



it^fT^. ###ffc#], Al, Be> Si 4f, 43flJ(B) £#J9 

H. (r* J 1996, No. 172,89 - 94 3^ #^-f- 3 - 245458 #*hf5 
- 251080 #ff-f 5 - 266880 ^NfL #*HF 7 - 73898 -f-AflL # 

*f-f 8 - 31422 #^f-f- 8 - 306359 -f^ks #*f-f 9 - 63584 -f 

#*f-f 9 - 63585 "f&fc) . 

^JflftmT, tt*. 5 n ■ **#tff#, 10 
li a jLti*H4k. *J4rHfl*MAl00|im*Ji^'hi&lCH*. Bifc, # 
**H****#A#/J\ £0.05g/cm 3 #T, i&l^&O.Olg/cmMT. ifcJL 
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^-febl^Ul^^^^^^. #JJ£ 2000 c ia_fc., 2300 1: #Jl# 
aJta^Aifcfta^^JI. ^fHN*« JfcfraMM&. *at 

#0.01~mm> -£,£.0.5~ 400»iitt4gL*fifc T>£#40J. -^T#^n 
#A*H#. WSWBW, MJttWA**f£ 1500T: a 
T. 

j«I 2000c ^7*B^jiF«£&tt4Mt, w*>> ttfkm. aa. HsBo* ba 

T. S*«J5«^»t,^«OWMJt*. *JU ********* 
SJ4fc, *UL*tf*sM-t. ^■St'fePLh-^HP, *.*T***rfi*#*L 

*JBJM*#AM.»b, £«UNM*"*. tfJL. 10 



*W HM&%Mi*&&tf& *»tW*. 4W*#JW\ ****** 
* 0. 02 - 0. 08g/cm\ #iH«*MMUflMMr«.^WSC«^ 

jgrfttfti;*'*. #W*H-»£* 

■a. Tiuti^m^u *f-fc#*Uf*M**a#A* 

W4fe. # T ? *. ( ^ y * ) 

m%&&&, *T«JMA#** A*, #*^*tMHKfti*l*A 
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1&&&$J$L4t, RJt4*ft<#»4tti4M**Jt& 0. 05g/cm 3 # Jl, JUfr 
0, 06g/cm 3 »a_t.. 

* T#4U-f-A^A ft$r'%&&itkM.&Jufc 200on mJi , **f 2300t; 
m±. *t«ssufc<fc-f2oooniH-, m*>##ijgL&&faM., 

-ifriXJkmtf)^, 0. 15 m m i§W#, 

4t d«*£ 0. 3385nm #T, 2300*: gLfc. &^&JL¥jJl&.&&$ 

<WW*JL*W*. # 3200X2. 
tf^tt&^iP*bfriUfefM*SMt& 2000 1) #_L, Ibfcf^E 2300TC « 

^^^^doo2^^.0.3420nmiaT, ^Tlt* 

&4XkmtiL~F, ^##>^32nm«T,«^., J&^**»B*i**«Aft^ 
*Jfcffc. if1r# %X&4t>\mMft, cU £'J\ Lei*. 4* 

iif-^^fe*^^ *-f*»A, 1580cm 1 «^NHtA. 1360 

en" 1 WH^LP, *P> R fc*'J\ M-^*ffc«-TJW 0. 1 - 0. 2 A*, * 



n 



R 0. 5 VAX, ^0.7~0.8. 
Sbfc, 1580cm 1 W^*t-fHWtA*W;S(r, #20 -40 b' 1 . 

1580cm 1 *Wf&, #21 0. 01G -cm 

iStTtt-flU 0. 003Q • cm tfte. 

if A 2nm #T*L«I\ #J«4M**ft#*f. 

5 - 400 n m, *M*X.i-*|yf* 10 aLt, £ftt&50isLk, 

#&#tf*MM^^#*#*it4UF»!l\ >£• 0. 001g/cm 3 #-t, 0.2 
g/cm 3 #T, ^ef>^0.005g/cm 3 ^Ji,ai5g/cm 3 «T, iUffvfcO.01 g/cm 3 « 
Ji, 0.1 g/cm 3 «T. 0. 2 g/attiUct*. *f#-fc 

jftML £5jim«T, ^*Jf*T«JMIrW**. 0. 001g/cm 3 Ht, 

(tapping) 4M*$£. 
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##^^^.3420™ *;TF, 
fcfefct^&-»&*f *M**» 0. 1 JM:% 20 Jf «T. 

(JHMl) 

1*1W**tfr& 7" 150419 ^4tfPL) #^^$3r3Wfc * 

#4k$&# 0.02g/co\ IflMUfc* 10 -100 nm. 

^0.5^m«T(^SEM^^^-f-^jL^0.1~0.2Miii) . &#£f# 
# X W$ffiMiA%.#}MribWm.d aa Ml 3. 3407nm> Lc # 5. 6nm. 

2. 88kg t **»**Mfcfc 15 M m B«C #*> 120g, ftltJ^ 

0. 075g/cm 3 . AJi^^*HW^i»>BL*uafcfriBJ», 
*i^rtifc#*»&*t«. J&itf#3JL# 2900TC, 2900T? J&#;fci&Btl«)# 
60 
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##Wtt#U*2Wr*fc, ~30 Mm, 0. 04g/cm 3 . 

i£*f*f ifj^ X #^^f#*l#^ doaz*> Lc 1. S&jfc 

(&&&I2) 

0.05g/cm 3 , 10 ~50 urn, SmmfyW&&l J t 

0. 06 m n. iM* 150g t jfcM^&& 10 n mft B*C 6g, 

ftikfc^$L>^fiM t 1&%Lft, 150mm 
A^J&^^MR*A* 0. 087g/cm 3 . 
#ttjMHMtA.i»^«^JU#>^^b^rt. 4UL*LSfct. 2800X3^ 

60 

JtitfMfc B #^JM^t&# 0. 046g/cm\ 

#f 5 ~ 20 M m. 

ii^^f^^^, *m x doc^ Lc <s.^f-^ 1. mat^r 

**■ B 4 C, %±&mft£. 2800X3 M^ftXtMlf 4. 1 2. 
(&&#I3) 

te'fr^^O.Olg/cm 3 . ff-W*Uti:^^0.13|im«T. fctf*f* 
200g t^-f-^^&WMM^BiC 8g, $ f &^^&*H&£\ #^>S.^b 
j^l^&^i*), fr*J&Jet&ffl&X& 150mm #6J*£^. 
0. 07g/cm 3 . 

#^AW^^.^^iL^^^.^rt, £#A*t. 2800X3^ 
*b£ 60 . 

;Mfc*^*ifc&*£H*s ^IlL^^-iik^t^A 2mm »^T. ##'H&3fJ- 
#«J^«#*A***A* 0. 03g/cm 3 . 
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5fb_fci&-#£ 2800C ^aawwup 1 1 *M£#J 3. 
4L1 







dooz ( run ) 


Lc(nm) 


%m\ i 


1.03 


0.3380 


29.0 


*b&«i 


- 


0. 3387 


31.8 


&&#J2 


1. 10 


0. 3381 


25.0 




— 


0. 3398 


26.9 




1.57 


0. 3382 


31. 1 


**fcM3 




0.3401 


21.7 


**W4 


1.02 


0. 3395 


25.4 


*t&*l4 




0.3405 


21.6 




0. 93 


0. 3376 


29.9 






0. 3383 


30.5 



(&4fcvft|4) 

i -#fMW**#A*wt*. ****** 

0.02g/cm 3 . 3&tfifi$f-&KJ$Lk$ifr% 10~50nm, *Utf4$## 0.04nm. 
3000g t 15 n m #J B«C 120g, M 

88g IOObbk 150mm A. J&8t6WM*^ 

JkJh 0. 08g/cm 3 . 

3tA^fe,J&*M, £*A*t. 2800X3 ;«*t3£ 60 ^HK 

tifUfcd*. (B) ^A^-fc^^ 0.04g/cm 3 . ^ 

tt^*MtT*£*f*M*£At-?v^T 1.02%#*!. FW>iML 1 t^AT 
<W Lc ( do* ~ 0. 3395nm> Lc - 25. 4nm ) . #R#X.#, ****B£ 

doo2> Lc fifrflbFfvfl I «f***fcW 4 ( dooz - 0. 3405nnu Lc = 21. 6nm ) . 

4^j5tfc&, d^B 2 #T^, & lOmm * 50mm 100mm 4 
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^ 100mA #JMU&£&*iM* 2 -HH«W" 6 6^ 10mm W«**jBL( B) V, 
irWt#ifcfcl&te (R) O ■ cm. 
R = E/100 (O • cm) 

*4H&.<f. ^^^^0.8g/cm 3 Ht^m#^ 

*^itBt^iA#^ d«, 0. 3395nm, Lc#25.4nm. 

($^5) 

0. 2 M m *Uf Ifcfc 1300X3 i*Mf&*t«, flfc*f, 4fcfM*#ifc# 0. 05g/cm 3 . 
tt*f* 150g t^-f 10 M m 6$ B4C 6g, %r$J^*&&faft. VtM H 

*£150d> x 400mm ift1WfrtoB&3L #*MMM»xA 150* * 100mm 

il«■^^^>^0.030g/em^>^aiii±##>^^^^ TJBJM0.06 
g/cm 3 . 

15X: / Bin ftrt%ti&&$3ffa&*t&. jfcBt^*»*aA^ 2800X: . 

&&S£*.!b*f*. JMU&bfeft*«| 4mm «T- #JM*W#Wfc* 
4*j£tMMft*££ 0.03g/cm\ 4MHtt^#T&*, W*»At*AT 
0. 93%#>«B. 

^Ht^^tbT^-W 5^<U, 4 — #HMt. Lc # 

29.9nm. %7&. J f-$-Jt, rtfaft3-J$, B*C # <W Lc^4Ll#Jft^ 

*H5. 
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412 





(Q • cm) 


doo2 ( nm) 




0.013 


0. 3388 




0.003 


0. 3395 


5 # 


0.002 


0. 3376 



(£*&#* 6) 

-M?******^ ( -f*& 10m m) t^>^^l 4 

tt***f*M* ^3%, jSM*5%, jfr>io%Ht#^%l&4fc^f-4t 

($^7) 

(100%) #j&%#t, flfjit+Jt'WWA*.****. 

&JlS£&&#| 1,2^3, L 2 3 #£f# t 3 J**% ft PVDF 

(iMILCJ^) , m^t^«Ji#^#^*L ( **o , # Li 

mXJLM4kHL **f*.4U8*#7 1 J** LiPF.4telfc&*m < EC) iMIA 
~&g& (DEC) ^^B^H^fMR^ 1 : 1. %**Hfrtt# 

1&tiU&&MUb 0. 2mA/g. 

( 8) 
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(GB) (GI) . GB^*«I**0.98**%. 

WmM^^^M GB & GI t, GB ^ GI t^H**»T 5 

% # £afc#J 1 I tilt? ##4Mt t. **» 3 60 PVDF, ^/Mt>& 

GI A GB95 ftfc«*ftJMUF* 5 #*% 



4t 3 





#$^fe,£R (O • cm) 


JtB#f# 




0 


0.06 




3 


0.05 


0. 01 


5 


0. 035 


0.007 


10 


0. 025 


0.004 
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£4 

















OnAh/g) 


(mAh/g) 














$kimi- (i) 


l ***f * 


311 






jtofcW7- (l) 


rt*L#l 1 tt*f#fc 


275 






(2) 




305 






tfc£*4 7- (2) 


2 


272 






&&#17- (3) 


3 tflf # 


308 






m&w- (3) 


3 


269 






###|1 (BafrfcA) 


GB 


319 






2 


Gl 


280 






&&W8- (1) 


GB+&fe#l 1 


332 


319 


13 


>b^l8- (1) 
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